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SUMMARY 



Strain measurements were made on a box beam of tri- 
angular cross section and on two beams of D-section under 
transverse bending. The measured stresses agreed reason- 
ably well with, those calculated by a simple adaptation of 
the subst itute- sfc ringer method of shear-lag analysis. 

INTRODUCTION 



The problem of shear-lag in box beams has been treated 
by many authors on the assumption that the cross section 
has at least one plane of symmetry and that the resultant 
load lies in this plane of symmetry. A few authors' have 
proposed formulas and methods for application to unBymmet- 
rical beams. Among the generally known of these methods, 
hoirever, there appears to be none which is free from the 
objection that it disregards some fundamental relation such 
as the equation of equilibrium of the cross section in the 
direction of the applied load, the equation of longitudinal 
equilibrium of the corner flange, or the condition that the 
shape of the cross section is maintained by bulkheads. In 
addition, most of these methods suffer from the defect that 
their application to practical beams of variable cross sec- 
tion and loading is extremely laborious. Confronted with 
these difficulties! the stress analyst must resort to a 
simplifying assumption that makes it possible to adapt a 
theory developed for symmetrical beams. The present paper 
gives such an adaptation of the sub st itut e- stringer method 
of analysis to the special case of a box beam with a cross 
section having one plane of symmetry with the load applied 
at right angles to this plane. Tests are described that 
were made to validate this adaptation. 
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SYMBOLS 
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L 

b 

1)' 
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cross- sect ionai area of effective corner flange, 
square inches 

cros3- sectional area of longitudinal stiffeners, 
including effective akin, square inches 

Toting 1 3 uoduius, kips por square inch 

shear uoJulusi kip a per square inch 

shear-leg parpnieter 

length of oopu, laches 

half-width of actual "beam, inches 

developed half-width of substitute section, inches 
camber of suoaiitute section, inches 

depth of shear web between centroida of flanges, inches 
thickness of akin, inches 
distance f'roa tip of oe^L, inches 

distance fro^i dividing ±ine of crosa section, inches 

stress in longitudinal direction, kips per square inch 

stress in corner flange, kips per scuere inch 

stress in any given stringer calculpted by engineer- 
ing theory of bending, kips per square inch 



The basic oethod of shear-lag analysis used in the 
,ent paper is that of reference 1, which is based on 
use of the so-called substitute single- stringer struc- 
:. The method is used in tho fore described in refer- 
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For a beast loaded in the plane of symmetry, the sub- 
stitute single- stringer structure is obtained as indicated 
'in flfe-iire'"'!' by combining all the stringers of the half- 
section into a single Btrlnger, located at the common 
centroid. Tor practical purposes, the half-width b' of 
the substitute coyer may be taken as one-half the actual 
half-width b. 

If an analogous procedure is to be applied tea D- 
section box euch as shown in figure 2, In which the load 
is normal to the plane of symmetry, a dividing line D-D 
must be drawn on the cross section as indicated in the 
figure. As long as no acceptable theory of unBymmstr ical 
sections is available, some assumption must be made con- 
cerning the location of the dividing line and the assump- 
tion must then be validated by tests. As a trial, it was 
assumed that the dividing line could be drawn halfway 
between the shear web and the nose, and it will be shown 
thet this assumption gave acceptable results for the maxi- 
mum longitudinal stresses in three test specimens. £o 
attempt was made to calculate the stresses in the nose por- 
tions of the beams, because the approxiiuat e method employed 
herein is clearly inapplicable in the region of the nose. 

Tor a substitute section such as shown in figure 2, 
the shear- lag parameter E is defined by 

Eb" V Ay A L y 
and the stress in the flange is given by 



a J - °Me/l + Ac T 

- <Wi l"i + i + ■ (a) 

Me ' 1 l. A,V hS Kxcosh KL- ! K ' 

The signs in formulas (l) and (2) apply to beams with 
positive camber as shown in figure 1; in the S-sections 
considered herein, the camber c is negative, the depth 
of the section at the shear web being greater than the 
depth at the dividing line. 
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In a stringer located at a distance y from the 
dividing line, the stress is obtained by adding to the 
Btress °ii c /i calculated by the ordinary bending theory, 
a correction that is given by the formula 

Ac = Aaj - ± Ac P |~l + ] Tl - ( (3) 

Formula (3) is an approximation (reference 2) to another 
formula which is derived on the assumption that the camber 
is negligible. If the camber is appreciable, the formula 
should be used only for the region near the flange 
(y/b — >l). Fortunately, only this region is of importance 
in design. 



TEST SPECIMENS A3TD TEST PK0C3DURE 



The dimensions of two of the three beamB are Bbown in 
figure 3. The third beam was made by cutting the D-section 
shown in figure 3(b) along the line B-B. The material was 
24S-T aluminum alloy. The value of Young's modulus was 
taken as 10,500 kips per square inch. 

Each beam was supported at the center. Two equel loads 
were applied, one to each half of the beam, to produce the 
bending moments. The structure as well ae the loading being 
symmetrical about the root, each half of the beam could be 
considered as a cantilever with a perfectly fixed root. On 
the beam with triangular cross section, each load was ap- 
plied close to the tip of the beam. On the other beams, 
the loads were applied at the middle of the semi span in 
order to increase the shear-lag effect. The loads were ap- 
plied to each beam at the experimentally determined shear 
center . 

Strain measurements were made rith Tuclrerman optical 
strain sages with a gage length of 2 incnes. The load was 
applied in three equal increments. Check runs were made 
if the load-stress diagram indicated a zero error of more 
than 0.2 kip per square inch. 



CALCULATED A2TD EXPEBIMEHTAL RESULTS 



Aa previously stated, the shear-lag calculations were 
'baaed on substitute single- stringer structurea repreaenting 
the part of the box between the shear web and a dividing 
line drawn halfway between the ehear web and tho noao* The 
substitute atructuroa aro shown in figure 4. The aubatituto 
structure for tho D-eoction with overhang is an I-aootion, 
which icuat be Bplit in two before the formulae can be ap- 
plied. Before the I-aeotion was split, it was made symmet- 
rical by averaging the values of Aj,, of b 1 , and of c 

shown in figure 4. This simplification was considered 
justifiable because the section was approximately symmet- 
rical and because the entire calculation is only a first 
approximat ion. 

Tie area is made r-.p of four lte.'ns: the area of 

the flanged portion of the ehear -sab, an area eq-ual to one- 
siith of the web area that account a for participation of 
the wob in the btir.ding action, uho pcrtio.: of t' o skin 
from the line of flange rivets halfway to the adjaco.it 
strir-ger (or stringers, in the case of tho D-soc'ioa with 
overhang), and the regaining strip iu contact with tho 
flanged part of the shear ceb. The area ie male up 

of two itouis*. the area of tho longitudinal stiffeners 
included between tho shear web and the dividing line, and 
the area of the skin lyint, oetwoen the shear «eb and the 
dividing line excepting the portion of skin considered as 
part of Ay. Tho skin wao assumed to be fully effective 

because the measurements wore taken on the tension side 
of the beam. 

In reference 1, it was stared that the atrip of akin 
adjacent to the flange should be conaidered as part of Al 

rather than Ay, aa it ia conaidered in the present paper. 

The procedure of reference 1 ia recoananded for deaign 
purposea, but the modified procedure used herein ia believed 
to be better when it ia intended to compare calculated 
stresses with stresses measured in the skin on top of the 
flange, instead of with stresses in the flange itself. In 
the teat beams, the maximum flange atrosses calculated by 
the two procedures differ by roughly 10 percent. Tn moat 
practical beams, tbe difference would be much smaller be- 
cause a distinct corner flange would be provided. 
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Formula (2) was derived for "beams loaded at the tip. 
A study of the general theory (reference l) shows, however, 
that the formula may be used for calculating the stresses 
near the root caused' by a load applied anywhere within the 
span if the distance from the root to the load is substi- 
tuted for L in the formula. The results obtained in 
this manner are sufficiently accurate provided the value 
of the parameter EL is not too small - say. KL > 3. 
This condition was fulfilled for the D-section beams. 

The calculated and the experimental results are sbown 
in figures 5 to 7. The chordwise distribution of Btresses 
calculated by the shear-lag theory iB shown up to the 
dividing line (y = 0), although the calculation should 
not be considered as valid except near the flange, as 
mentioned in Method of Analysis- 

Because the dividing line was drawn according to an 
arbitrary assumption the agreement between calculated and 
test results is satisfactory for the stresses in the flange 
and in the stringer adjacent to the flango, which are the 
stresses dominating the design. 
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Figure 1.- Actual and substitute section of beam loaded 
in the plane of symmetry. 




Figure Z.- Actual and substitute section of beam 

loaded at right ang les to plane of symmetry. 
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Figure 4r Actual and subsiHule sections of tes+ beams 
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Figure 5.- Experimental and calculated stresses in triangular box. 
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Figure 6.- Experimental and calculated stresses in D-sec+ion box. 
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Figure 7.- Experimental and calculated stresses in D-5ection with overhang. 
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